We examined whether using problem-solving software tutors in Computer Science I can help improve the self-confidence of female students. We analyzed the data collected by five software tutors in spring 2006. We found that 1) the self-confidence of female Computer Science I students before using the software tutors was in many cases lower than that of male students, as has been stated in prior literature; 2) Using problem-solving software tutors improved the self-confidence of female students to be on par with that of male students when female students started with lower prior self-confidence. Since researchers have suggested that self-confidence is one of the factors contributing to the shrinking pipeline, problem-solving software tutors can be used to improve the retention of female students in Computer Science.
INTRODUCTION
Women are under-represented in Computer Science. Not only does the number of women in Computer Science drop from highschool through graduate school, but it has also been dropping at the undergraduate level over the years, a phenomenon referred to as the shrinking pipeline [6] .
Mathematics is an area where women have done well -they have received almost half of all undergraduate degrees in Mathematics. De Palma [9] argues that since the study of Mathematics relies on numerous practice problems, similar practice problems should be provided to improve the success of women in Computer Science. In this vein, we have been developing problem-solving software tutors for various topics in Computer Science. The software tutors are designed to help students learn programming concepts by solving problems. They are meant to be used as supplements to classroom instruction and complements to programming projects traditionally assigned in Computer Science I. Multiple evaluations have shown that these software tutors are effective at helping students learn programming concepts [14, 15] .
Self-confidence is one of the factors contributing to the shrinking pipeline [11] . Female students have lower self-confidence than male students in computer-related abilities [4, 10] . Women are less confident than men in their ability to achieve their educational goals in computing at the undergraduate [5] and the graduate level [8] . Girls consistently rate their ability at a lower level than boys despite evidence to the contrary [7] . Women have a tendency to enter computing classes with considerably less confidence than men [12] . This can be particularly attributed to self-efficacy [2] -"a person's judgment about one's ability to carry out specific actions to achieve a goal." [3] found that female self-efficacy was significantly lower than male self-efficacy.
One might expect that solving practice problems can positively affect self-efficacy. Performance / accomplishment and freedom from anxiety are two of the components of self-confidence [1] . Solving practice problems might help reduce the anxiety of female students and instill a sense of accomplishment in them, thereby improving their self-confidence. This begs the questiondoes using problem-solving software tutors help improve the selfconfidence of students, particularly female students?
In order to answer this question, we evaluated the data collected from five software tutors in spring 2006. In this paper, we will describe the data collection process and the results of analyzing the data. Participants of our studies were asked to identify their sex (biological notion of male/female) rather than their gender (social/cultural notion of man/woman) [17] . Therefore, our analysis will be in terms of sex rather than gender.
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THE METHOD
In spring 2006, we evaluated five software tutors in Computer Science I -on arithmetic expressions, relational expressions, selection statements, while loops and for loops. Several faculty from different schools used the software tutors in their classes. The tutors were set up as Java applets accessible any time, anywhere over the Web. Teachers assigned the use of each software tutor as and when they covered its topic in class. Students using the tutors went through the following stages, all administered online:
1. Registration -students entered their name, status, sex and other demographic information;
2. Pre-Survey -students rated their knowledge about the various concepts covered by the software tutor on a 5-point Likert scale (1=Very Well, 2=Well, 3=Average, 4=Not well, 5=Not at all). Typical questions included "How well do you know the remainder operator?", "How well do you know operator precedence concepts?", "How well do you know if-else statements?", "How well do you know nested 'if' statements?", "How well do you know for loops?" and "How well do you know nested while loops?"
3. Problem-solving session -the software tutor presented problems to the students, had them solve the problems, and provided them feedback from which they could learn [14] . During the problem-solving session, the software tutor used the pre-test-treatment-post-test protocol: pre-test to evaluate the prior knowledge of students, treatment to help them learn the concepts they didn't already know, and post-test to evaluate the posterior knowledge of students. The entire problem-solving session lasted 30-35 minutes.
4. Post-Survey -the software tutor asked the students to again rate their knowledge about the concepts covered by the tutor on a 5-point Likert scale. The same questions were asked on the post-survey as on the pre-survey.
We used the student responses on the pre and post-survey as measures of their self-confidence in the topic before and after using the software tutor. Since the pre-survey and post-survey were conducted immediately before and after the problem-solving session, and students had little time in between to engage in any other activity that may have influenced their self-confidence, we can ascribe any difference in pre and post-survey scores to the intervening problem-solving session.
THE RESULTS AND DISCUSSION
We will present two aggregate analyses: of the average response per software tutor, followed by the average response per student. We will follow up with post-hoc analyses of each software tutor, and within each tutor, of each survey question.
Aggregate analysis of the average response per tutor:
Recall that students answered 4-5 questions on the pre-and post-survey of each software tutor. We calculated the average response of each student on all the questions of each software tutor. We tabulated these average responses for all the tutors, and separated them by sex. We then calculated the average and standard deviation of male and female responses on the pre-survey, postsurvey and the pre-post change. We used paired-sample t-test 2-tailed p-value to calculate the statistical significance of the difference between pre-survey and post-survey responses. Finally, we used independent t-test 2-tailed p-value to calculate the statistical significance of the difference between male and female responses. We have listed these figures in Table 1 : Average response on all the questions of a tutor -Female self-confidence significantly lower than male self-confidence on the pre-survey, but not the post-survey
Note that the pre-post change in response is statistically significant for both males and females -using problem-solving software helps improve the self-confidence of both male and female students. Female responses are statistically significantly lower than male responses on the pre-survey, as was to be expected from a review of the literature [4, 7, 10, 12] . There was no statistically significant difference between male and female responses on the post-survey -using problem-solving software helped improve female responses to be on par with the male responses.
Aggregate analysis of the average response per student: For the analysis in Table 1 , we treated the average response of each student on each software tutor as a separate item of data. So, if a student used four different tutors, we considered four items of data from that student in the analysis. For the next analysis, for each student we calculated a single item of data corresponding to the average of the student's responses for all the software tutors, bearing in mind that not all the students had used all the tutors. We wanted to find out if there were differences between male and female students, this time treating student responses as indicative of who the respondents were, more than which software tutor(s) they had used.
We conducted a mixed-factor 2 X 2 ANOVA with pre-post as within-subjects and sex as between-subjects factors. There was a significant main effect for pre versus post Table 2 : Average of the responses on all the tutors for each studentFemale self-confidence again significantly lower than male selfconfidence on the pre-survey, but not the post-survey
Post-hoc analysis of the average response for each tutor: We did a post-hoc analysis of the data by individual software tutors to see if the difference between male and female students varied among the tutors. We found no difference between male and female students on the software tutors on arithmetic expressions and for loops, the tutors that the students had used first and last in the semester. On the other three software tutors, we found the same pattern: statistically significant or nearly significant difference between male and female students on the pre-survey, but no significant difference on the post-survey. We have summarized the results in Tables 3, 4 Post-hoc analysis of the response per question: When we did a post-hoc analysis of the questions of the relational tutor individually, we found the same pattern -significantly lower selfconfidence of female students on pre-survey, no significant difference between male and female responses on the post-survey -on 3 of the 4 survey questions.
Originally, we had used the relational tutor to test the effectiveness of providing error detection, but not error-correction support during the problem-solving session. This differential treatment could not have influenced the self-confidence responses on the pre-survey since the pre-survey was conducted before the problem-solving session. We conducted a 2 X 2 mixed factor ANOVA with pre-post survey as within-subjects factor and treatment (without versus with error-detection support) as between-subjects factor. We found that there was no significant interaction between the type of feedback and pre-post scores [F(1, 73) = 0.066, p = 0.799]. So, the pattern that we observed with the self-confidence cannot be attributed to the differential treatment provided during the problem-solving session.
When we did a post-hoc analysis of the questions of the selection tutor individually, we found the same pattern on 2 of the 5 questions. Originally, we had used the selection tutor to test the effectiveness of adaptation -changing the problems to suit the learning needs of the student during the problem-solving session. We conducted a 2 X 2 mixed factor ANOVA with pre-post survey as within-subjects factor and treatment (without versus with adaptation) as between-subjects factor. We found that there was no significant interaction between the treatment and pre-post scores [F(1, 83) = 0.038, p = 0.847]. So, the pattern that we observed with the self-confidence cannot be attributed to the differential treatment provided during the problem-solving session.
When we did a post-hoc analysis of the questions of the while loop tutor individually, we found the same pattern on 4 of the 5 questions. Originally, we had used the while loop tutor to test the effect of reflection: whether asking students to reflect on the concept behind each question influenced their learning. We conducted a 2 X 2 mixed factor ANOVA with pre-post survey as within-subjects factor and treatment (without versus with reflection) as between-subjects factor. We found that there was no significant interaction between treatment and pre-post scores [F(1, 55) = 1.507, p = 0.225]. So, the pattern that we observed with the self-confidence cannot be attributed to the differential treatment provided during the problem-solving session.
To summarize, on the 24 questions we asked in the five software tutors:
• On 21 of the 24 questions, the self-confidence of female students was lower than that of male students on the presurvey. On 9 of these 21 questions, the difference was statistically significant. But, the difference on the corresponding post-surveys was not statistically significant. On 2 of the 24 questions, the self-confidence of female students was higher than that of male students, but the difference was not statistically significant. On the remaining question, the self-confidence of females and males was the same (correct to the third decimal place).
•
The difference in the self-confidence of male and female students on the post-survey was statistically significant on only 2 of the 24 questions. On one of these, the selfconfidence of female students was lower than that of male students. The self-confidence of females was lower than that of males on the corresponding pre-survey also; and the difference in the pre-post increase of self-confidence between males and females was not statistically significant. This was for the question "How well do you know the boolean data type" asked in the survey of the selection tutor. This is not one of the 9 cases we listed earlier. On the other of the 2 questions, females were more self-confident than males on both the pre-survey and the post-survey, but the question was not related to the topic of the tutor, and was included as a control question: "How well do you know recursion?" presented by the for loop tutor. Except for these last two cases, the recurring pattern that we observed, starting with the two aggregate analyses, and ending with the two post-hoc analyses is that whenever there is a difference between male and female students, the pattern is one of female students starting with lower self-confidence than males, but ending with comparable self-confidence as males after the problem-solving session with the software tutors.
Correlation of self-confidence with learning: [7] observed that girls consistently rate their ability at a lower level than boys despite evidence to the contrary. We wanted to find out whether there was any difference in the prior preparation of male versus female students that could explain the lower self-confidence of female students before the problem-solving session. Could the improvement in the self-confidence of females be explained based on improved learning during the problem-solving session?
In order to answer this question, we considered the pre-post improvement in learning of male and female students during the problem-solving session -recall that the problem-solving session was administered using pre-test-treatment-post-test protocol. We considered the score per problem rather than the raw score in order to eliminate the effect of the increase in familiarity of the students with the user interface from the pre-test to the post-test [14] . We found that:
The difference in the pre-test scores of male and female students was not statistically significant on the relational tutor, or the while loop tutor.
• On selection tutor, the average of females was statistically significantly lower than that of males on the pre-test, but it was also statistically significantly lower on the post-test.
• There was no correlation between the pre-post change in self-confidence and pre-post change in learning of female students (r = -0.357 for relational tutor, r = 0.138 for selection tutor and r = 0.221 for while loop tutor). In other words, the pattern we observed in the self-confidence of females was not similarly reflected in significantly lower prior preparation of females, combined with improvement of females that resulted in post-test scores being no different from those of males. This result is not surprising -in earlier studies, we had found that there is no correlation between the pre-post change in self-confidence and pre-post change in learning of students who used our software tutors [13] . Again, literature in Psychology suggests that we should not expect a correlation between learning and self-confidence because testimonials can mislead [16] .
Fall 2006 data:
We collected additional data in fall 2006. We repeated the aggregate analysis of the average response of students per software tutor after including this data. We observed the same pattern as in Table 1 . We have summarized the results in Table 6 . Table 6 : Average response on all the questions of a tutor -spring and fall 2006 combined -Female self-confidence significantly lower than male self-confidence on pre-survey, but not on post-survey
CONCLUSIONS
Our quantitative results confirm what had been stated in earlier literature -that female students entering Computer Science have lower self-confidence than male students [4, 7, 10, 12] . We observed that the self-confidence of female students prior to using our problem-solving software tutors was in many cases lower than that of male students, and significantly so.
Using our problem-solving software tutors improved the selfconfidence of female students to be on par with that of male students when female students started with lower prior selfconfidence. Since researchers have suggested that self-confidence is one of the factors contributing to the shrinking pipeline [11] , problem-solving software tutors can be used to improve the retention of female students in Computer Science.
The improvement in the self-confidence of female students is not correlated with a similar improvement in learning. The improvement in self-confidence seems to result from the very act of using problem-solving software tutors, regardless of whether female students learn from using them. We speculate that using problem-solving software tutors could be improving female students' self-efficacy [2] , reducing their anxiety and/or instilling a sense of accomplishment in them. In any case, using problem-solving software tutors bestows learning and self-confidence benefits, providing two reasons for using them in introductory Computer Science courses.
We plan to continue to analyze the self-confidence data collected by our software tutors over the next several semesters. Since the prior self-confidence of female students is not lower on all the tutors/questions, we will analyze the data to see if there is a discernible pattern in the questions/tutors on which female students report lower prior self-confidence. We plan to use delayed post-surveys to see whether the improvement in the selfconfidence of female students will last.
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